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Abstract
We describe a fiber Raman amplifier for nanosecond and sub-nanosecond
pulses centered around 1260 nm. The amplification takes place inside a
4.5-m-long polarization-maintaining phosphorus-doped fiber, pumped at
1080 nm by 3-ns-long pulses with a repetition rate of 200 kHz and up to
1.75 kW peak power. The input seed pulses are of sub-mW peak-power
and minimal duration of 0.25 ns, carved off a continuous-wave laser with
sub-MHz linewidth. We obtain linearly-polarized output pulses with peak-
powers of up to 1.4 kW, corresponding to peak-power conversion efficiency
of over 80%. An ultrahigh small-signal-gain of 90 dB is achieved, and the
signal-to-noise ratio 3 dB below the saturation power is above 20 dB.
No significant temporal and spectral broadening is observed for output
pulses up to 400 W peak power, and broadening at higher powers can be
reduced by phase modulation of the seed pulse. Thus nearly-transform-
limited pulses with peak power up to 1 kW are obtained. Finally, we
demonstrate the generation of pulses with controllable frequency chirp,
pulses with variable width, and double pulses. This amplifier is thus suit-
able for coherent control of narrow atomic resonances and especially for
the fast and coherent excitation of rubidium atoms to Rydberg states.
These abilities open the way towards several important applications in
quantum non-linear optics.
1 Introduction
Coherent excitation of alkali atoms to Rydberg levels [1] enables novel quantum-
optics applications, such as the generation of non-classical light or the realization
of deterministic photonic quantum gates [2]. Initial studies of these applications
have used ultra-cold atoms [3, 4, 5]. However for practical and scalable imple-
mentations, it is preferable to operate with warm atoms around room tempera-
ture. For the typical wavelengths and volumes involved in Rydberg excitations,
the atomic motion in warm atomic vapors lead to decoherence of the excita-
tion on a nanosecond time scale. Therefore, strong, sub-ns pulses are required
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for obtaining coherent excitations and for reaching the quantum nonlinear op-
tics regime [6]. The generation of such pulses requires dedicated light sources.
Indeed, an ytterbium fiber amplifier system at 1010 nm, specifically designed
for the excitation of rubidium atoms from the excited 6P manifold to Rydberg
states was recently developed [7].
An alternative Rydberg excitation route in rubidium is a three-photon tran-
sition through the intermediate 5P and 5D levels. This route enables fast and
efficient light storage for tens of nanoseconds on the 5D level [8]. Addition-
ally, as it involves three fields rather than two, it allows for partial mitigation
of the Doppler dephasing [9, 10, 11]. Finally, this route requires only infrared
wavelengths, which are often preferable in terms of available laser power and
compatibility with fiber-optics communication.
Light between 1253 nm and 1270 nm is required for coupling the rubidium
5D level to Rydberg nP and nF levels (for principal quantum numbers n > 30).
Due to the relatively low transition dipole-moment to Rydberg levels, high peak-
powers are required. For example, a full pi-pulse transition from 5D5/2 to 50P3/2
using a Gaussian beam with a beam-waist radius of 30 µm and a Gaussian
temporal pulse shape with a full width at half maximum (FWHM) of 0.25 ns
requires a peak-power of about 400 W [12]. Longer pulses will expose the
transition to Doppler dephasing (having a typical time scale of 1 ns), making
it incoherent. Shorter pulses require even higher peak powers and may excite
more than a single Rydberg level, as the typical separation between neighbouring
high-n levels is a few GHz [1]. For these reasons, ps and fs pulses, which around
this wavelength can be generated using an optical parametric oscillator [13] or a
chromium:foresterite mode-locked laser [14], are not suitable for this application.
To the best of our knowledge, there are no existing laser systems that can
generate strong enough, coherent, . 1-ns-long pulses around 1260 nm.
Here we present the development of a system designed for generating such
pulses. We use an electro-optical modulator (EOM) to temporally carve the
seed pulses out of a narrow-linewidth (sub-MHz) continuous-wave (cw) laser,
and then amplify them using a custom, pulsed-pump, fiber Raman amplifier.
Looking at common ways of light amplification, we see that while semicon-
ductor laser-amplifier systems are commercially available for this wavelength
range, they cannot go over 2 W or so [15]. Doped-fiber amplifiers may have
been able to go further, but unfortunately, there are no known doped gain
fibers for this wavelength apart from bismuth-doped fibers [16], which are not
yet well understood and are not commercially available. In contrast, with a
suitable pump laser, Raman amplification in commercially-available, undoped
fibers can produce gain in this wavelength range, and indeed, such fiber Ra-
man amplifiers are commercially available [17]. However, these amplifiers all
use cw pumps, and therefore cannot go over a few tens of Watts, due mostly to
overheating and Brillouin scattering. Additionally, as the nearest pump lasers
currently available are based on ytterbium-doped fibers, with gain up to at most
1100 nm, multiple Stokes shifts of silica or germania glass are required to reach
1260 nm [17]. This may add unwanted noise and considerably complicate the
system.
Therefore, in order to reach peak powers of a few-hundred Watts with low
noise in a compact design, we have developed a pulsed-pump Raman fiber am-
plifier based on a commercially-available phosphorus-doped fiber [18, 19, 20, 21,
22, 23, 24, 25, 26]. This fiber has an additional Raman gain band, due to P=O
2
double bonds, at 40±0.3 THz (1330±10 cm−1). This enables Raman amplifica-
tion of 1260 nm signals using a commercially-available pump laser at 1080 nm,
with a single Stokes shift. Using a pulsed pump both provides for high output
peak powers with low average pump powers that are thermally manageable, and,
with the pulses being being shorter than the acoustic phonon lifetime, ensures
a high threshold for Brillouin scattering.
Operating the system at 200 kHz, we successfully generate pulses of 0.25 ns
FWHM with peak powers of up to 1.4 kW. Furthermore, up to output peak
power of 400 W, we observe no significant temporal or spectral broadening, keep-
ing the pulses transform-limited (TL). The signal-to-noise-ratio at this regime is
higher than 20 dB. Above this peak power, spectral broadening becomes signifi-
cant, due mostly to self-phase modulation [27]. It can therefore be mitigated by
pre-chirping the seed pulses, increasing the output power for which nearly-TL
pulses could be achieved to 1 kW. Finally, we demonstrate the generation of
amplified pulses with controllable duration up to 1 ns, pulses with controllable
chirp rate, and double pulses of up to 1.6 ns temporal separation.
2 Setup
2.1 Seed and amplifier
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Figure 1: System. Seed pulses are carved from an external-cavity diode
laser (ECDL) by amplitude and phase electro-optical modulators (AEOM and
PEOM) and enter the phosphorous-doped fiber together with the pump pulses.
Pulse synchronization is ensured by an electronic pulse generator. The am-
plified pulses at the output of the phosphorus-doped fiber are spectrally and
temporally characterized. HWP - half wave palte; QWP - quarter wave plate;
DM - dichroic mirror; SP -short-pass; SPF - short-pass filter; LPF - long-pass
filter; BPF - band-pass filter; BS - beam splitter; OSA - optical spectrum an-
alyzer; PM - power meter; SFPE - scanning Fabri-Perot etalon; FG - function
generator; LIA - lock-in amplifier; PD - photodiode.
The system is schematically described in Fig. 1. A cw external-cavity diode
laser (ECDL, Toptica DL-PRO with chip #LD-1250-0100-AR-1) functions as a
master oscillator. Custom seed pulses are generated by modulating this light
using a 10 GHz amplitude EOM (AEOM, iXblu MX1300-LN-10) driven by a
fast pulse generator (AT PG-1072). A phase EOM (PEOM, iXblu M1300-LN-
10), driven by the same pulse generator, is used for controlling the temporal
phase.
3
A 1200 nm short-pass dichroic mirror (DM, Thorlabs DMSP1200T) is used
for coupling the seed pulses into a 4.5-m-long polarization-maintaining phosphorus-
doped fiber (PDF, FORC Photonics, PDF-5/125PM-P), where their amplifica-
tion takes place. The maximal peak power of the seed pulses coupled into the
PDF is 1.5 mW (80% coupling efficiency), although eventually we use much
weaker pulses. In order to allow for a high pumping power, the PDF is capped
on both ends with 200-µm-long core-less fiber pieces, thus increasing the damage
threshold of the fiber facets. In addition, the input fiber coupler is temperature
stabilized to 19◦C to allow for efficient heat extraction, and the space between
the coupling lens and the fiber facet is purged by clean, dry nitrogen flow to
prevent any humidity or dust accumulation on the fiber facet.
The pump light required for the amplification is at 1080 nm, which is one
P=O Stokes shift to the blue of 1260 nm. This light is generated by an
ytterbium-fiber-amplified pulsed diode laser (Cybel SpaceLight 1080) provid-
ing linearly polarized, 3-ns-long pulses with a spectral width of less than 0.1 nm
centered around 1080 nm, at repetition rates between 200 kHz and 2 MHz. All
results presented below are obtained for a repetition rate of 200 kHz. The wave-
length can be varied between 1080 nm and 1084 nm by tuning the temperature
of the diode laser. This tunability enabled Raman gain for signals between 1258
and 1267 nm (see below). The pump pulses are coupled to the PDF (70% cou-
pling efficiency) after passing through the DM, and co-propagate alongside the
seed pulses. The pulse generator triggers the pump laser for synchronizing the
pump and seed pulses.
The polarizations of the seed and pump are aligned to the main polarization
axis of the PDF by half- and quarter-wave plates. In order to protect the
seed and pump lasers from back Raman scattering, a tilted 1300 nm long-pass
filter (Thorlabs FELH1300) acting as a 1250 long-pass filter, and a band-pass
filter (BPF, Semrock FF01-1055/70-25), are used on the seed and pump beams,
respectively, before they combine at the DM.
At the fiber exit, a 3 nm band-pass filter around 1260 nm (Semrock FF01-
1274/3-25) separates the amplified output pulses from residual pump light as
well from light at wavelengths outside the 1260 nm region, which could be
produced by Raman scattering of the silica glass (see below).
2.2 Characterization setup
In order to measure the broadband spectrum of the emitted light before the
BPF, we use an optical spectrum analyzer (OSA, Ando AQ6317B). Then, after
the BPF, we analyze the amplified pulses temporally and spectrally and use a
power meter to measure their mean power. For the temporal analysis, we use a
fast InGaAs photodiode (5 GHz, Thorlabs DET08CFC) and a fast scope (4 GHz,
Keysight DSO9404A). For the spectral analysis, we use a scanning Fabri-Pe´rot
etalon (SFPE, Thorlabs SA210-8B) driven by a triangular wave from a function
generator (FG, Keysight 33500B). The FWHM of the spectral response function
of this SPFE is measured to be 90 MHz. The signal from the SFPE is locked-in
to the repetition rate of the system by a fast lock-in amplifier equipped with
an internal phase-lock-loop (LIA, Liquid Instruments Moku:Lab). The output
of the LIA is displayed on a second scope (Keysight DSO-X 2004A), which is
triggered by the FG. From the measured temporal and spectral intensity traces,
the Gerchberg-Saxton (GS) algorithm [28] is used for retrieving the temporal
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Figure 2: Input and output pulses. (a) Time traces of a 250-ps-long seed
pulse (blue, left axis) and pump pulses with intermediate (Ppump = 1310 W )
and maximal (Ppump = 1760 W ) peak powers (black, right axis). (b) Amplified
1260 nm pulses for the two pump pulses shown in (a) (solid lines) and the output
noise in the absence of a seed (dashed lines). (c) Output spectra before the BPF
with (solid) and without (dashed) the seed. Inset: Zoom in on the seed spectral
region.
phase φ(t) and extracting from it the instantaneous frequency dφ(t)/dt.
3 Results and discussion
3.1 Input pulses
A seed wavelength of 1262.6 nm (close to the 5D – 43P resonance) is used for all
results presented below, unless otherwise specified. A time-trace of the shortest
seed pulse used in this study, with FWHM of 250 ns and no temporal phase
modulation, is shown in Fig. 2(a).
The same figure also shows traces of pump pulses with two different peak
powers, Ppump = 1310 W and Ppump = 1760 W . These are measured without
the BPF, without any seed pulses, and in the polarization exhibiting minimal
Raman scattering (45◦ off the fast axis of the PDF). The temporal shape does
not considerably change with pump power.
3.2 Output pulses
Figure 2(b) presents time traces of amplified seed pulses after the BPF, i.e.,
around 1260 nm, for the two pump powers shown in Fig. 2(a), as well as noise
traces (no seed). While for high pump power, a significant background compo-
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Figure 3: Amplifier characterization. (a) Output peak power Pout versus
seed peak power Pin for several pump peak powers Ppump (as labeled). The
solid lines are fits to the function Pout = aPin/(Pin + b). (b) The small signal
gain and maximal power conversion efficiency, as extracted from the fits in (a),
versus the Ppump. The solid blue line is a linear fit, whereas the dashed red line
is a guide to the eye. (c) Maximal small-signal gain at Ppump = 1.39 kW versus
seed wavelength, for a few pump wavelengths (as indicated). The solid lines are
Gaussian fits. (d) Left axis: output peak power (solid) and noise level (dashed)
versus Ppump. Right axis: Signal to noise ratio.
nent emerges, it is negligible for the intermediate pump power. Here the seed
peak power is fixed at a relatively high level of Pin = 500 µW; even at this input
level, amplification of over 60 dB is measured.
In order to understand the source of the background emission, we measure
the full spectra of at the output, before the BPF, using the OSA. Fig. 2(c)
presents the spectra for the intermediate pump power, both with and without
the seed. Background emission around 1260 nm appears due to self-stimulated
first-order Raman scattering of P=O bonds. Some additional scattering at the
first Stokes band of the silica glass (at around 1140 nm) appears as well, however
it is well filtered out by the BPF.
3.3 Gain curves
Figure 3(a) presents the output peak power Pout versus the input peak power
Pin for several pump peak powers Ppump. A clear gain-saturation behaviour
is observed. The solid lines are fits to a gain-saturation curve of the form
Pout = aPin/(b+ Pin), where a and b are fit parameters.
The small-signal gain in dB [10log10(a/b)] and the maximal peak-power con-
version efficiency in percentage (100a/Pin) are extracted from the fits and pre-
sented in Fig. 3(b). Clearly, both increase with the pump peak power, and the
gain slope is 5.2 dB/100 W. At the highest Ppump (1.73 kW), the small sig-
nal gain is greater than 90 dB, and the peak output power is Pout =1.4 kW,
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Figure 4: Phase retrieval. (a) Left axis: measured (solid blue) and recon-
structed (dashed red) normalized temporal traces of output pulses of various
peak powers Pout (as labeled). Right axis: the corresponding extracted in-
stantaneous frequency (the first derivative of the temporal phase). The traces
are shifted vertically for clarity. (b) Measured (solid blue) and reconstructed
(dashed red) normalized spectral traces of the same output pulses. The traces
are shifted vertically for clarity. (c) Measured temporal FWHM (left axis) and
chirp rate (the first derivative of the instantaneous frequency at the pulse center
t = 0) versus Pout. The different symbols represent different pump peak powers
(see legends).
corresponding to 80% peak-power conversion efficiency.
Additionally, we measured gain curves with Ppump =1.39 kW for different
seed and pump wavelengths. The extracted small-signal gain is presented in
Fig. 3(c), showing that a gain above 50 dB is achievable in the spectral range
of 1258-1267 nm. This range corresponds to transitions to all Rydberg levels
laying between 37P and 57P [29].
Finally, figure 3(d) presents the obtained Pout for Pin = 20 µW (solid blue
line) and the background noise peak power (dashed black line), as well as the
signal-to-noise ratio (SNR, red line). At this input power, SNR of over 20 dB
is achieved for Ppump ≤1.5 kW, and even for the highest pump power used, the
SNR is over 10 dB.
3.4 Phase retrieval and control
We have so far examined the pulse amplitudes and the background noise. As we
are interested in transform-limited pulses, it is imperative to measure also their
temporal phase and from it extract the instantaneous frequency. For this pur-
pose, we simultaneously measure temporal traces and high-resolution spectral
traces. We then run the GS phase-retrieval algorithm on the measured traces.
Figure 4(a) presents, for several Pout, the measured temporal intensity traces
(solid blue), the corresponding GS-reconstructed temporal traces (dashed red),
and the corresponding extracted instantaneous frequency shifts (black). The
latter are the first temporal derivative dφ(t)/dt of the phase φ(t) retreived by
the GS reconstruction. Figure 4(b) presents the corresponding spectra from
direct measurements and from the GS reconstruction. Using polynomial fits
to dφ(t)/dt, we extract the rate of frequency change (the chirp rate) at the
pulse center for every pair of pump and seed peak powers. These chirp rates
are presented versus the output peak power Pout in Fig. 4(c) (red). If two or
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Figure 5: Phase compensation. (a) Temporal and (b) spectral traces of
output pulses without (dash black) and with (solid blue) phase compensation.
The dashed gray line presents the background without seed. (c) Temporal
and (d) spectral background-subtracted traces without compensation (bottom,
solid blue) and with it (top, solid blue), together with their GS-reconstructed
amplitudes (dashed red). The instantaneous frequency extracted from the GS
reconstruction is presented by the solid black lines in (c) (right axis). The traces
are shifted vertically for clarity. Here Ppump = 1.6 kW and Pin = 100 µW.
more pairs of pump and seed powers produce the same output peak power, only
the smallest extracted chirp rate is presented. The different symbols represent
different pump powers. Also presented are the temporal FWHM of the output
pulses (blue). Clearly, up to Pout = 400 W, neither a significant temporal
broadening nor a significant frequency chirp are observed. However, a significant
increase in both parameters is observed for Pout > 400 W, including a significant
distortion of the pulse spectrum. These can be explained by the onset of self-
phase modulation in the Raman gain fiber [27].
In order to compensate for the self-phase modulation and by that mitigate
the temporal and spectral broadenings, we introduce an initial phase modulation
to the seed pulses. To this end, we employ a PEOM between the seed and the
amplifier. The temporal modulation is in the form of a pulse, identical in shape
to the seed pulse. The peak magnitude φin of this ‘phase pulse’ is tuned within
the range 0 ≤ φin ≤ pi until the measured spectral width at the output is
minimized (the output phase is again retrieved using the GS algorithm).
Figures 5(a) and 5(b) present the temporal and spectral traces of the output
pulses both without and with phase compensation, as well as the noise back-
ground. While the temporal shape is nearly unchanged, the spectrum narrows
down considerably. Figures 5(c) and 5(d) present the GS reconstruction of the
temporal and spectral traces without (bottom) and with (top) compensation.
The black lines in Fig. 5(c) present the extracted instantenous frequency. The
compensation clearly narrows down the spectrum and considerably reduces the
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Figure 6: Phase control. (a) Temporal and (b) spectral traces of output pulses
for different magnitudes φin of the input phase, as indicated. Measured data
(solid blue lines) and the GS-reconstructed traces (dashed red lines) are pre-
sented, as well as the instantaneous frequency extracted by the GS reconstruc-
tion [black lines in (a)]. The traces are shifted vertically for clarity. (c) Spectral
width (FWHM, blue circles) versus the input phase magnitude φin. The solid
blue line is a fit to the expected hyperbolic dependence (see text). The chirp
rate extracted from the GS reconstruction (red dots) agrees with the expected
rate from the measured spectral widths (dashed line). Here Ppump = 1.6 kW,
and Pin was tuned such that Pout = 570 W.
frequency chirp during the pulse.
Furthermore, the chirp rate could be controlled by tuning φin, such that both
positively and negatively chirped pulses could be generated. This is shown for
Pout = 570 W in Fig. 6. Figure 6(a) presents the measured and GS-reconstructed
temporal traces, as well as the instantaneous frequency. Figure 6(b) presents
the measured and GS-reconstructed spectral traces. The results are summarized
in Fig. 6(c), where the spectral widths (left axis, blue) and the obtained chirp
rates (right axis, red) are presented versus φin. The solid line is a fit to the
expected hyperbolic dependence of the width w on the phase magnitude φin,
w(φ) = w0
√
1 + (φin − φin,0)2/η2, where w0 is the minimal spectral FWHM,
and φin,0 is the phase amplitude for which maximal compensation of the self-
phase modulation occurs. We allow the temporal width of the phase pulse to
deviate from that of the amplitude pulse by introducing the scale parameter η.
Using this fit and the measured pulse duration (temporal FWHM) τ = 0.245 ns,
the chirp rate R can be expressed as R(φin) = −2 ln 2[(φin − φin,0)/η]/(piτ2).
This prediction is plotted by the dashed red line and agrees well with the GS-
extracted chirp rates.
3.5 Variable pulse shapes
In addition to single, 0.25-ns-long pulses, other pulse shapes can in principle
be generated, for example by using an arbitrary waveform generator (AWG).
Limited to the square pulse trains that our PG produces, we could only vary
the seed pulse duration and the number of seed pulses within one pump pulse.
Figure 7(a) presents output temporal traces of single pulses with various dura-
tion. We find that pulses with Pout = 365 W and temporal FWHM between
0.25 ns and 1 ns can be generated. Figure 7(b) presents the corresponding
spectral traces. The GS-reconstructed traces and the extracted instantaneous
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Figure 7: Variable pulse shapes. Color coding is as in Figs. 6(a) and 6(b). (a)
Temporal and (b) spectral traces of output pulses with variable duration. The
output peak power is Pout = 365 W, and no phase compensation is employed.
The traces are shifted vertically for clarity. (c) Temporal and (d) spectral traces
of output double-pulses with variable temporal separations. The different line
types represent the same parameters as in (a) and (b). Here Pout = 500 W, and
partial phase compensation is employed (see text). The fringes in the spectra
are an evidence of the coherence between the two pulses.
frequency are presented as well. The GS reconstruction includes the 90-MHz
spectral resolution of the SFPE. The nearly-constant instantaneous frequency
traces show that the generated pulses are nearly transform limited.
Figures 7(c) and 7(d) present the corresponding temporal and spectral traces
for trains of two 0.25-ns pulses with variable temporal separation, from 0.6 to
1.6 ns. As the temporal separation increases, the frequencies of the two amplified
pulses drift apart (not shown). This results from the seed pulses approaching
the outskirts of the pump pulse, where the pump intensity is not constant and
varies in opposite directions for the two seed pulses [see Fig. 2(a)]. This, in turn,
leads to a cross-phase modulation which causes opposite frequency shifts of the
two amplified seed pulses[30, 31].
To mitigate this, we apply a phase chirp to the seed pulses by introducing
phase pulses that are slightly shifted from the amplitude pulses. While this
enabled us to bring the frequencies of the two amplified pulses back to the same
value, it also added some distortions to the pulses. This is evident in the GS-
extracted instantaneous frequency [Fig. 7(c)]. Nevertheless, spectral fringes are
still visible, even up to 1.6 ns separation, showing that the two pulses in the
train are mutually coherent. The reduced fringe visibility can be explained by
the limited resolution of the SFPE, as can be seen by the GS-reconstructed
spectra, which take it into account.
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3.6 Possible improvements
While the developed system achieves the goals of 1kW TL pulses with high
SNR, it could be further improved on a few fronts.
First, the maximum power is currently not limited by the available pump
power (which can go up to 4.2 kW in the PDF). The current limitation is the
saturation of the first Stokes shift, as seen by the saturation of the conversion
efficiency in Fig. 3(b), and the onset of the second Stokes shift. By using a
shorter fiber, this point of saturation can be moved to higher pump powers,
leading to higher output powers. Note that the noise level, the self-phase mod-
ulation, and the cross-phase modulation would stay roughly the same, as all
scale as the product of the fiber length and the pump power [31].
Second, by employing stronger phase modulation with larger magnitudes
φin, larger amplification-induced phases could be compensated for, further in-
creasing the power of a TL pulse. In addition, using an AWG instead of the PG
would enable the generation of arbitrary pulse shapes, as well as much better
compensation of phase distortions.
Third, by using flatter pump pulses, cross-phase-modulation-induced fre-
quency shifts could be completely avoided, and wider pulses or pulse trains
could be more easily generated. Moreover, the wavelnegth range can be widen
by using different diodes in the pump laser. This will make the amplifier compat-
ible with transitions to Rydberg levels with principal quantum numbers n < 37
and n > 57.
Finally, the SNR could be further increased by using a narrower BPF at the
output. BPFs with 50 GHz passband and over 80% transmission are commer-
cially available for this wavelength.
4 Conclusions
We have built and tested a pulse-pumped Raman fiber amplifier for 1258-
1267 nm. We observe the amplification of 250 ps seed pulses with . 1 mW
peak power by up to 90 dB, to a maximal level of ∼ 1.4 kW. Up to 0.4 kW,
the amplified pulses are nearly transform-limited. Above this power, significant
self-phase modulation sets on. By pre-chirping the seed pulses, we can compen-
sate for the self-phase modulation, thus increasing the maximal power of nearly
transform-limited pulses to 1 kW.
In addition, amplified pulses of controlled chirp rates and of various tem-
poral widths, as well as pulse trains, can be generated. This opens the way
towards coherent excitation of hot atoms to Rydberg states, with applications
ranging from long and broadband light storage, through on-demand quantum
light sources, to deterministic photonic quantum gates.
Finally, other possible applications of the amplifier may include those based
on the 1268.3 nm magnetic-dipole transition between triplet and singlet molec-
ular oxygen. This transition is relevant for singlet oxygen level control [32],
which is used, for example, in photodynamic therapy of cancer [33]. A high
spectral energy-density light source at this wavelength, as is within reach with
the presented system, could prove beneficial for such applications.
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